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Background: The membrane mucin MUC1 is altered in its pattern of expression in cancer, and also in other pathological 
situations, including Helicobacter pylori gastritis. Here we investigate the basis for the loss of apical staining of the gastric foveolar 
epithelium in H. pylori gastritis. 

Methods: MUC1 was examined in the gastric antrum from cases of H. pylori gastritis and normal controls. We used tissue sections 
that were either treated or not treated with periodate to effect deglycosylation, and the monoclonal antibodies LICRLonM8, 
MUSE-11, CT2 and BC2. 

Results: We show that the epitopes on the TR domain of MUC1 are partially cryptic due to glycosylation and that MUC1 is present 
on the apical surface of the gastric foveolar epithelium of gastritis patients. 

Conclusion: This observation suggests that there is no substantial loss of the mucin domain of MUC1 from the apical surface in 
gastritis, as suggested by others, but rather the H. pylori influences the glycosylation of MUC1. This paper highlights the issue of 
epitope specificity of monoclonal antibodies directed against disease-associated markers, specifically when they are 
glycoproteins, as is the case for many cancer markers. 



It has frequently been reported that the membrane mucin MUC1 is 
altered in its pattern of expression in cancer, and MUC1 is thus a 
well-known 'cancer marker' (Taylor-Papadimitriou et al, 1999; Kufe, 
2009). Changes in detectable MUC1 have multiple causes: altered 
glycosylation and also altered subcellular location being as important 
as altered gene expression. MUC1 has been widely used as a target in 
many diagnostic and therapeutic developments, some of which have 
been useful while others have been of variable benefit (Kufe, 2009; 
Beatson et al, 2010; Mukhopadhyay et al, 2011; Rong et al, 2012). 
These variable outcomes undoubtedly are partly because changes in 
MUC1 expression have sometimes been mis-interpreted. One of the 
problems has been that most antibodies to MUC1 detect peptide 
epitopes on the central tandem repeat domain and their binding is 
influenced by the glycosylation of the TR domain. 



MUC1 expression is also altered in other pathological situations. 
Our group has previously shown that the pattern of expression of 
MUC1 on the gastric foveolar epithelium is altered in Helicobacter 
pylori gastritis, a strong risk factor for gastric cancer. Using two 
different antibodies directed against the peptide backbone of the 
TR domain of MUC1, we showed that there was loss of apical 
staining for the extracellular domain and increase in intracellular 
staining (Vinall et al, 2002), while the cytoplasmic domain could be 
detected on the apical surface using a polyclonal antiserum 
directed against the cytoplasmic tail. The absence of apical staining 
in gastritis may be due to several reasons: (i) alteration of 
the glycosylation of the mucin domain may make the tandem 
repeat epitope cryptic; (ii) the mucin domain may somehow 
be internalised into the cell, leaving the cytoplasmic domain on the 
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surface; or (iii) the MUC1 ectodomain may be lost from the surface 
through cleavage by H. pylori. 

It has more recently been shown that H. pylori adhere to 
purified MUC1 (Linden et al, 2004b), and that mice lacking MUC1 
are colonised five-fold more in one day of infection than mice with 
MUC1, and that they develop atrophic gastritis (McGuckin et al, 
2007). It was thus hypothesised that MUC1 acts as a decoy limiting 
binding of the H. pylori to the cell surface, and that this leads to the 
shedding of the extracellular domain of MUC1 that is loaded onto 
the H pylori (McGuckin et al, 2007). Studies using a gastric cell line 
report that shedding can indeed be induced by beads used as the 
decoy, and that MUC1 detection is reduced on infection and can 
be found bound to the H. pylori (Linden, 2009). However, 
reduction in apical MUC1 staining in H pylori gastritis might 
alternatively (or also) reflect the cryptic nature of the epitope 
detected, due to glycosylation. 

Here we aim to provide an insight into the interpretation 
of changes in MUC1 expression in this cancer-predisposing 
condition, and explore the possibility that the differences in 
detection reflect changes in glycosylation. 



MATERIALS AND METHODS 



Biopsy specimens were taken endoscopically from the gastric 
antrum of patients at University College London Hospitals. All 
patients gave fully informed consent, and the study was approved 
by the local ethical committee (UCL/UCLH 01/0237). The 
preliminary studies were done using samples collected previously 
(Vinall et al, 2002) originally under ethics UCL/UCLH 95/3037. 
The biopsy samples were processed using routine UCLH 
procedures - immediate fixation in standard formal saline at 
ambient temperature and same-day transfer to the laboratory 
for machine-automated processing, starting with formal saline and 
passing through standard alcohols and xylene to paraffin wax 
embedding, using the machine timings for biopsies. Sections, 3 urn, 
were mounted on SuperFrost Plus microscope slides and 
deparaffinised in Histoclear followed by rehydration with graded 
alcohols and water. Gastritis was classified histologically using the 
Sydney System (Dixon et al, 1996), and H. pylori status was 
determined using the CLO (Campylobacter -like organism) test. 
Histology was examined under H&E and immunostaining as 
described previously (Vinall et al, 2002). Biopsy specimens from 
two groups of patients were tested based on these results: group 1, 
histologically normal samples with no H. pylori infection; 
group 2, samples from individuals with current gastritis who were 
H. pylori-positive. 

We used three monoclonal antibodies (LICRLonM8, BC2 and 
MUSE- 11) directed against different epitopes on the tandemly 
repeated 20-amino-acid sequence, VTSAPDTRPAPGSTAPPAHG, 
of the peptide backbone MUC1. LICRLonM8 (Mcllhinney et al, 
1985) recognises the epitope DTR (Price et al, 1990), whereas BC2 
recognises RPAP (Xing et al, 1992), but both of these reagents can 
apparently recognise fully glycosylated MUC1 (Price et al, 1985; 
Xing et al, 1989). MUSE- 11 has been shown to bind best to the 
amino-acid motif PDTRPAPG (Hinoda et al, 1990, 1993), but on 
immunohistology is cryptic in gastric samples from most 
individuals without prior deglycosylation (Bara et al, 1993). 
MUSE- 11 was selected as it provides a control for the 
deglycosylation procedure. It should however be noted that 
MUSE- 11 does show staining without special treatment, in most 
non-secretor individuals - people who are homozygous for the 
deficiency of the oc — 2 fucosyltransferase, FUT2 and do not carry 
the Lewis b antigen (Le a + b — ). We also used an Armenian 
hamster monoclonal antibody, CT2, directed against the last 
17 amino acids of MUC1, SSLSYTNPAVAATSANL, which is 



uniquely found in the intracellular cytoplasmic tail of MUC1 
(Schroeder et al, 2001; Croce et al, 2003). 

Each of the antibodies was titrated, the effect of heat-induced 
epitope retrieval with citrate buffer pH 6.0 tested, and conditions 
chosen, to obtain maximum specificity and sensitivity. The final 
conditions used were for LICRLonM8, 1 in 1000 culture super- 
natant, MUSE-11 (0.4jigml _1 ) and BC2 (1.4 jigml" J ), and for 
CT2, 1 in 250 culture supernatant, and no epitope retrieval. 
Endogenous peroxidase activity was blocked by incubating sections 
in 3% hydrogen peroxide made up in methanol. For LICRLonM8 
and MUSE-11, sections were incubated in 5% normal goat serum 
for 20min to reduce nonspecific binding, followed by overnight 
incubation at 4°C, with primary antibody diluted in 
5% normal goat serum. Bound antibody was detected using the 
Dako REAL Envision (Dako, Glostrup, Denmark) detection system 
and the reaction was visualised using the Dako REAL DAB + 
chromogen. Sections were washed in distilled water, counterstained 
with haematoxylin, dehydrated through graded alcohols and 
cleared through Histoclear, before mounting with DPX-mountant. 
For CT2 and BC2 detection, sections were incubated with either 
the CT2 or the BC2 antibody for 60min followed by a 30-min 
incubation with 7.5 jig ml -1 biotinylated goat- anti- Armenian 
Hamster (Jackson Laboratories, West Grove, PA, USA) or 1 in 
200 biotinylated horse-anti-mouse (Vector Laboratories) second- 
ary antibody, respectively, and then a 40-min incubation with 
Vectastain ABC reagent (Vector Laboratories, Peterborough, UK) 
followed by colour development with DAB + reagent (Dako). For 
CT2, non-specific binding was blocked with 5% normal goat serum 
(Dako) and for BC2, non-specific binding was blocked with 3% 
normal horse serum. 

To examine the effect of deglycosylation, antibodies were tested 
without or with periodate treatment before performing immuno- 
histochemistry. Tissue sections were incubated in 20 im periodic 
acid prepared in 0.05 m acetate buffer, pH 5.0, for 45min. After 
three 3-min washes in PBS/Tween 20 buffer (wash buffer), sections 
were incubated in 1% glycine for 30 min to neutralise acidic groups 
before being washed again in the same wash buffer. Immunohis- 
tochemistry was then performed. Additional controls for periodate 
treatment consisted of sections treated in the same way but 
omitting the primary antibodies. All incubations, unless otherwise 
stated, were done at room temperature. Treatment and staining 
was performed in five batches, in which the investigators were 
blinded to diagnosis, but all batches were found to contain both 
gastritis cases and controls. The pattern and intensity of staining 
were scored independently in all of the samples by two 
investigators (MR and DMS). The variation in intensity of staining 
was classified as weak (1), moderate (2) or strong (3), on the apical 
surface and intracellularly. The area of staining was semiquantita- 
tively assessed by inspecting all possible fields under a x 20 
objective and taking an average. This was done separately for the 
foveolar epithelium of the gastric pits and the region extending 
from the isthmus to the glands. Mean scores, of the two observers, 
for each measurement were used for statistical analyses. Results 
were analysed in SPSS 20, using rank tests as the data were 
non-normally distributed. 

Standard serological tests with anti-Le a and Le b were previously 
done using blood samples from our earlier cohort of individuals. 
Secretor status was deduced from the Lewis phenotype in Lewis- 
positive patients. This information was not available for the current 
cohort. 



RESULTS 



In preliminary studies, we examined some of the same tissue 
samples as used in our previous study, using the monoclonal 
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antibodies LICRLonM8 and two other antibodies directed against 
the tandem repeat domain, BC2 and MUSE- 11, and also CT2 to 
the cytoplasmic tail. As before, LICRLonM8 showed strong apical 
staining of the epithelial cells in the normal controls, while no 
apical staining was seen in the H. pylori gastritis samples, even 
though there were areas of strong cytoplasmic staining (Figures 1A 
and C). Similar results were obtained with BC2 (data not shown). 
In contrast, apical staining was seen with CT2 in six H. pylori 
gastritis cases as well as in three normal controls, and the results 
obtained confirmed those obtained previously with the polyclonal 
serum, to the cytoplasmic tail (Figures IB and D). 

With MUSE- 11, which is known to recognise an epitope that is 
masked by glycosylation in most individuals, and appears to 
depend on blood group and secretor status (Bara et al, 1993), we 
initially tested 15 samples from the previous cohort in which 
secretor status was known. None of the eight secretors we tested 
(including two with active H. pylori gastritis) showed staining 
(Figure IE). Six out of seven non-secretors (including two with 
active H. pylori gastritis) showed clear apical staining of the 
foveolar epithelium (Figure 1G). Chemical deglycosylation showed 
the reappearance of the MUSE- 11 epitope in the secretors, 
as previously reported by others (Bara et al, 1993), confirming 
the efficacy of the deglycosylation procedure (Figure IF). 



A new cohort of 20 cases of H. pylori gastritis cases and 
14 biopsies assessed as normal were tested using the two 
monoclonal antibodies LICRLonM8 and MUSE- 11 using prior 
deglycosylation treatment and adjacent sections with no such 
treatment. 

Apical LICRLonM8 staining was found on the foveolar 
epithelium in all normal but not in most H. pylori gastritis cases, 
agreeing with previous observations (Figures II and K 
and 2A). The staining in the normal cases extended over a variable 
proportion (median 60%) of the gastric pit, but appeared more 
extensive and intense on the surface (see Figure II). When 
quantified in the same way, the distribution in the gastritis cases 
gave a median of 0.1% (Figure IK). This difference between cases 
and controls was highly statistically significant (P< 0.0001) and 
there was a corresponding difference in intensity (Figures II 
and K). Cytoplasmic (perinuclear) staining was also seen, in 
contrast, being prominent, though somewhat patchy, in both 
controls (median 43%) and in the H.pylori gastritis cases, which 
gave a slightly higher median distribution of 46.5%. This difference 
between cases and controls was, however, not statistically 
significant (P = 0.478, Figure 2B), nor was there any significant 
difference in intensity. The distribution of apical staining in the 
isthmus and glandular region was not as widespread as in the 
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Figure 1. Detection of MUC1 in antral epithelium from normal and gastritis cases using antibodies against different domains. Sections A and 
C are stained with LICRLonM8, while for B and D the antibody CT2 against the cytoplasmic domain is used. Sections A and B are from a normal 
biopsy while C and D are from an H.pylori gastritis case. Sections E to H are stained with MUSE-1 1 . Sections E and F are from a secretor individual, 
and G and H from a non-secretor. Sections E and G are not deglycosylated by periodate treatment, while F and H are deglycosylated. Sections I to 
L are stained withl_ICRLonM8. Sections I and J are from a normal, while K and L are from an H. pylori gastritis case. Sections I and K are not 
deglycosylated while J and L are deglycosylated. Setion A shows the scale bar corresponding to the magnification of all sections. 
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Figure 2. Relative distribution of LICRLonM8 apical staining within 
the gastric pits of normal and gastritis cases and the effect of 
periodate treatment. (A) Apical staining. (B) Cytoplasmic staining. 
The Mann-Whitney U test was used to compare the cases and controls, 
while the related-samples Wilcoxon signed rank test was used to assess 
the effect of treatment. P-values are shown in the figure. 
D = deglycosylated; ND = non-deglycosylated. 



gastric pit, but again there was significantly less staining in 
H. pylori gastritis cases than in normal controls (P< 0.0001) 
(data not shown) with no significant difference of the cytoplasmic 
staining. 

Deglycosylation treatment caused re-appearance of apical 
staining with LICRLonM8 in most of the gastritis cases (Figures 
1L and 2A), but there was also a significant increase in some of the 
controls (Figure 2A). The cytoplasmic staining was in contrast 
slightly reduced, but this was not statistically significant 
(Figure 2B). 

MUSE- 1 1 showed little or no staining of the foveolar epithelium 
in the majority of H. pylori gastritis cases or controls (as in 
Figure IE), with clear extensive apical staining in just a few (n = 2 
for H. pylori gastritis and n = 6 for normals). It seems likely that 
these few individuals were non-secretors. After deglycosylation, 
apical staining of the foveolar epithelium was seen in all normal 
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Figure 3. Relative distribution of MUSE-1 1 apical staining in the gastric 
pits of normal and gastritis cases after periodate pretreatment (D). The 
difference in apical immunostaining between normal and gastritis cases 
was not statistically significant (P=0.148). Statistical analysis was 
performed by using the independent-samples Mann-Whitney U test. 



controls (median distribution 89%, mean intensity 2.5), and also in 
all H. pylori gastritis cases (median distribution 88%, mean 
intensity 1.9), but the difference between cases and controls was 
not statistically significant (P = 0.148, Figure3). 

BC2 was tested on six cases and six controls and also showed 
very scant apical staining of the foveolar epithelium in 5 out of 6 of 
the gastritis cases, which was in all cases greatly increased by 
deglycosylation (Supplementary Figure 1) compared with extensive 
staining in the normal controls without the need for degly- 
cosylation. 



DISCUSSION 



The distinct difference observed previously (using LICRLonM8) 
between the pattern of expression of MUC1 on the gastric 
epithelium of normal controls and that of patients with H. pylori 
gastritis was replicated in this study. By making use of periodate 
treatment, we show that MUSE-1 1, a MUC1 antibody that is 
known to detect an epitope that is totally cryptic to glycosylation in 
most individuals, gives a very strong apical signal in all H. pylori 
gastritis patients as well as in all normal controls. The increase in 
apical staining observed with LICRLonM8 after periodate treat- 
ment also suggests that this epitope is at least partially cryptic, 
particularly in H. pylori gastritis, and it is noteworthy that the same 
effect was seen with BC2. Thus, by deglycosylation of the tissue 
sections we show that the TR domain of MUC1 is certainly present 
on the apical surface of gastric epithelial cells in H. pylori gastritis 
as well as in controls, showing that there is a gastritis -related 
change in a glycoprotein epitope. 

Although there was no statistically significant difference in the 
distribution and intensities of intracellular staining between cases 
and controls, the data do show a trend of greater detection in the 
H. pylori gastritis cases compared with normal controls, consistent 
with our previous results (Vinall et al, 2002). In this case 
deglycosylation does not increase the signal detected, perhaps not 
surprisingly, because the MUC1 in the perinuclear region is likely 
to be less glycosylated, and therefore more accessible to the 
LICRLonM8 antibody. 
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The combined observations suggest that H. pylori infection 
alters the peripheral glycosylation of the MUC1, which leads to 
much reduced detection by LICRLonM8 on the apical surface. 
It remains possible, however, that as suggested by Linden et al 
(2009)), H. pylori may also promote some shedding of the 
extracellular domain into the lumen of the stomach, as we detected 
slightly less MUC1 even after deglycosylation. 

It is interesting to speculate how the changes in glycosylation are 
induced by H. pylori, and what kind of change could cause the 
epitopes to become more cryptic than in the uninfected epithelium. 
It suggests the non-intuitive scenario of increased glycosylation of 
certain side chains during infection. This is in fact consistent with 
the observations of Ota et al (1998), who showed (but do not 
comment on this) less Tn (GalNAc-attached direct to Ser/Thr) on 
the apical surface of antral foveolar epithelium during infection, 
but restoration after antibiotic treatment, implying that this core 
epitope had become cryptic during infection. 

It is relevant to note that H. pylori BabA adhesin binds to the 
fucosylated Le b and H type 1 structures, which are located on 
MUC1 (Linden et al, 2004a, b), and MUSE- 11 epitope is cryptic in 
Le b -carrying individuals (secretors). Perhaps the H. pylori 
stimulates, or even catalyses, the synthesis of one or more novel 
structures, at the same time more effectively blocking the epitope 
recognised by LICRLonM8. It is noteworthy that several of the 
same carbohydrate structures also occur on the H. pylori organisms 
themselves, as well as the enzymes to synthesise them (Wang et al, 
1999; Rasko et al, 2000; Wang et al, 2000; Nilsson et al, 2006, 
2008), and there is clearly a subtle host-bacteria interaction. 

In the context of cancer, despite extensive literature mentioning 
aberrant glycosylation of MUC1, very little has been done 
experimentally with deglycosylation of MUC1 in situ. An exception 
to this is the case of MUSE- 11, where deglycosylation was shown to 
reveal cell surface as well as intracellular MUC1 in gastric cancer 
(Bara et al, 1993; Hinoda et al, 1998). Two other mAbs to the 
TR domain of MUC1 (HMFG1 and SM3) have been shown to 
differ in their intracellular and apical detection of MUC1 in gastric 
cancer, which has been attributed to the extent of glycosylation of 
the epitope detected by these reagents (Reis et al, 1998), though 
deglycosylation was not done. 

More broadly this paper highlights the issue of epitope 
specificity of monoclonal antibodies directed against disease- 
associated markers, specifically when they are glycoproteins. This is 
of particular importance to cancer studies, as changes in 
glycosylation are common in cancer. The simple strategy of 
periodate treatment helps to interpret such changes in epitope 
expression. In the case of the MUC1 tandem repeat domain there 
are clearly subtleties in epitope specificity of all the reagents even 
when they apparently recognise the core peptide. Indeed it has 
previously been shown that some MUC1 mAbs have increased 
binding to peptides with simple substitution on the T of DTR with 
galactose or the disaccharide Gal GalNac (Karsten et al, 1998). 
There are several other important examples in the literature of 
cancer- related antigens used in diagnostic tests and therapeutic 
approaches that are located on glycoproteins (e.g., CEA, CA125/ 
MUC16) for which the same issues may apply, namely, changes in 
crypticity of epitopes may be confused with changes in gene 
expression or level of secretion. The results presented here provide 
a caveat for such interpretations and suggest that the simple 
strategy of periodate treatment should be used more frequently to 
follow up on apparent changes in expression. 
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